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ZnO nanoparticles have been synthesized by chemical route using different solvents. X-ray diffraction characterization 
of the samples indicated ZnO nanoparticles crystallize in wurtzite phase with 
a
c
 for all the samples is ~ 1.6. Though all the 
samples exhibit same crystal structure, the microstructure of ZnO nanoparticles is influenced with solvent. The ZnO 
nanoparticles have been synthesized using ethanol as solvent has smaller crystallite size than that obtained for ZnO 
nanoparticles synthesized using propanol and ethylene glycol as solvent. In accordance with crystallite size variation, the 
lowest and highest specific surface area
 
has been calculated for ZnO nanoparticles synthesized using propanol and ethanol 
as solvent, respectively. Stress analysis using lattice parameter indicated that the crystallites of all ZnO samples experience 
compressive stress and the magnitude of the stress is nearly twice for ZnO nanoparticles synthesized with ethanol than that 
obtained for ZnO nanoparticles synthesized using ethylene glycol as solvent. UV-visible characterization of these samples 
indicated that the bang gap of ZnO nanoparticles is not affected much with the solvent. The refractive index and electron 
polarizability for all samples have been determined from the optical band gap of corresponding samples. 
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1 Introduction 
In recent years, semiconductor nanoparticles have 
attracted much research attention due to their novel 
properties and wide spread technological application 
possibilities as compared to their bulk counterpart. 
ZnO is an important member of II-VI semiconductor 
with a direct band gap of 3.37 eV. ZnO shows large 
exciton binding energy (60 meV) which enables  
the device operation at low threshold voltage1. High 
localized exciton binding energy combined with 
unusual high exciton oscillator strength suggests the 
possibility of high field emission properties of ZnO 
even at room temperature2. ZnO has also been 
considered as a potential material for the use of the 
same in different applications such as solar cell3, UV 
sensor4, antimicrobial agent5, photo detector6, gas 
sensor7, light emitting diode8, optoelectronic9, etc.  
ZnO nanoparticles have been synthesized by various 
methods such as hydrothermal10, precipitation11,  
sol-gel12, spray-pyrolysis13, etc. Different synthesis 
methods have been shown to affect the 
microstructures like size, morphology, orientation, 
etc., which in turn influence the properties of the 
ZnO. Synthesis of ZnO nanoparticles with well 
controlled microstructure is of important for its use in 
various technological applications.  
In the present work, ZnO nanoparticles have been 
synthesized by chemical route using different solvent 
with an aim to see the effect of solvent on the 
microstructure and optical band gap of ZnO 
nanoparticles. 
  
2 Experimental 
For the synthesis of ZnO nanoparticles in chemical 
route, zinc acetate (Zn(CH3COO)2.2H2O) is used as 
starting material and ethanol, propanol and ethylene 
glycol are used as solvent. Zinc acetate (5 g) is 
dissolved in either of the solvent and the solution is 
stirred for half an hour. Then the solution is kept at  
60 °C for 15 min. The resultant solution is kept for  
1 day. Then the resultant product is dried at 200 °C. 
Finally the dried product is annealed at 550 °C to get 
the required ZnO nanoparticles used in the present 
study. ZnO nanoparticles were synthesized with 
ethanol, propanol and ethylene glycol hence forward 
named as ZnO-E, ZnO-P and ZnO-EG, respectively.  
The structural and microstructural evolutions  
of ZnO nanoparticles were studied by X-ray 
diffraction with Cu Kα radiation using Bruker X-ray 
diffractometer (Model: D8 Advance). The optical ———————— *E-mail: pravanjan_phy@yahoo.co.in 
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absorption spectroscopy of ZnO nanoparticles were 
performed using diffuse reflectance spectroscopy by  
a double beam UV-Visible spectrophotometer 
(Simadzu, UV-2450) with an integrating sphere 
assembly. 
 
3 Results and Discussion 
Figure 1 shows the XRD pattern of ZnO-E, ZnO-P 
and ZnO-EG synthesized by chemical route. All the 
peaks present in the XRD pattern indexed to the 
wurtzite phase (space group P63mc) of ZnO. In an 
earlier study on synthesis of CuO nanoparticle by 
chemical route using ethanol and propanol as solvent, 
it was seen that the microstructure of CuO 
nanoparticles influenced with solvent even though the 
structure remains same14. Interestingly by changing 
the solvent to ethylene glycol led to the synthesis  
of Cu2O/CuO nanocomposite15. In the present case 
though the structure of ZnO nanoparticles synthesized 
with different solvent remains same but 
microstructure of ZnO might be influenced with the 
solvent. We therefore determine lattice parameter, 
crystallite size, bond length in the followings. 
Lattice parameters, a
 
along (100) plane and c
 
along (002) plane of the ZnO nanoparticles 
synthesized with different solvents are determined 
using the following equation: 
 
θ
λ
sin3
1
=a   ... (1) 
 
and   
θ
λ
sin
=c   ... (2) 
 
The ratio of 
a
c for all the samples is ~ 1.6 which 
matches nicely with the hexagonal closed pack 
structure. We also determine the unit cell volume (V ) 
and atomic packing fraction ( APF ) for all the ZnO 
samples using the following relation: 
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The values of a , c , 
a
c
, V  and APF  determined 
for ZnO-E, ZnO-P and ZnO-EG are presented in 
Table 1. 
In order to see the effect of solvents on the 
microstructural properties of ZnO particles, we 
calculated the particle size and microstrain values 
using the relation16: 
 

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
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θβ sin21cos
D
  ... (5)  
 
where, β , λ ,ε , θ  and D  are the FWHM (in 
radian), wavelength of αCuk  radiation, microstrain, 
Bragg angle and average diameter of the ZnO 
particles, respectively. The Williamson–Hall (W-H) 
plot16 (Fig. 2) of 
λ
θβ cos
 vs. 
λ
θsin2
 gives the value of 
microstrain from the slope and crystallite size 
(diameter of the ZnO particles) from the ordinate 
 
 
Fig. 1 – XRD pattern of ZnO-E, ZnO-P and ZnO-EG synthesized 
by chemical route 
 
 
 
Fig. 2 – Williamson–Hall (W-H) plot of 
λ
θβ cos
 vs. 
λ
θsin2
 for 
ZnO-E, ZnO-P and ZnO-EG nanoparticles 
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intersection. The obtained values of crystallite size 
and microstrain for different ZnO samples are 
presented in (Table 1). The value of D is higher for 
ZnO-P and lower for ZnO-E. 
The internal stress (
a
c ) is related to positional 
parameter17 (u ) and Zn-O bond length18 ( l ) as per  
the following relations:  
 
25.0
3 2
2
+=
c
a
u   ... (6) 
 
and    ( ) 222 5.0
3
cu
al −+=   ... (7) 
 
These values calculated for different ZnO samples 
are also given in Table 2. Zn-O bond length for all the 
samples in our case is ~ 1.98 matches well with the 
reported values19-21. One can determine the specific 
surface area ( aS ) of the ZnO nanoparticles using the 
following relation22: 
 
D
S
s
a
×
=
ρ
6
  ... (8a) 
 
where , sρ is the X-ray density which can be 
calculated as: 
 
VN
ZM
A
s =ρ   ... (8b) 
 
Z is the number of formula units in the unit cell 
which is 2 for ZnO, M is molecular weight of the 
substance, NA is Avogadro’s number and V is the unit 
cell volume. The calculated value of sρ and aS for 
ZnO-E, ZnO-P and ZnO-EG are given in Table 2. The 
particles with lowest aS  and the highest aS
 
are 
calculated for ZnO-P and ZnO-E, respectively. This 
observation is in accordance with the crystallite size 
variation (Table 1) as the smaller size particles show 
larger surface area. 
The average uniform stress (σ ) along c-axis in 
randomly oriented ZnO nanoparticles can be 
determined using the following expression23: 
 





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c
ccGPa 233)(σ   ... (9) 
 
where , bulkc is the strain free lattice parameter of ZnO 
powder (5.206 Å). The negative sign in the calculated 
stress for all ZnO samples indicate that the crystallites 
experience compressive stress. The magnitude of  
the stress is nearly twice for ZnO-E than that of ZnO-
EG (Fig 3).  
Figure 4 shows the room temperature UV-Visible 
absorption spectra of ZnO nanoparticles synthesized 
with different solvents. The optical absorption 
coefficient (α ) and optical band gap ( gE ) are related 
by the following expression24:  
Table 1 – The values of a , c ,
a
c
, V , APF  D  and ε determined for ZnO-E, ZnO-P and ZnO-EG
 
Sample a
 (Å) c  (Å) 
a
c
 
V  (Å3) APF  D  (nm) ε  (%) 
ZnO-E 3.256 5.213 1.601 47.862 0.7551 54±4 0.287 
ZnO-P 3.253 5.211 1.602 47.755 0.7546 115±8 0.409 
ZnO-EG 3.253 5.210 1.6015 47.746 0.7548 96±7 0.412 
Table 2 – The values of u , l  , sρ and aS determined for ZnO-E, 
ZnO-P and ZnO-EG
 
Sample u
 l  (Å) 
sρ (g/cm3) aS (cm2/g)× 105 
ZnO-E 0.38005 1.98113 5.64845 1.96711 
ZnO-P 0.37988 1.97968 5.66111 0.92162 
ZnO-EG 0.37996 1.97951 5.66217 1.10382 
 
 
 
Fig. 3 – Evolution of stress in ZnO-E, ZnO-P and ZnO-EG 
nanoparticles 
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where νh  is the incident photon energy and B  is a 
materials dependent constant. The value of /n is ½ for 
direct inter-band transitions and/or 2 for indirect inter-
band transitions. The linear relation observed for 
(ahv)2 vs. hv
 
plot (Fig. 5) suggests that the ZnO 
nanostructures are direct band gap semiconductors. 
By extrapolating the linear portion of the (ahv)2 
versus νh plot to α = 0, we can estimate the optical 
band gap for ZnO-E (Fig. 5(a)), ZnO-P (Fig. 5(b)) and 
ZnO-EG (Fig. 5(c)) samples. The obtained values are 
presented in Table 2. All the samples seem to have 
better conductivity as they show lower band gap than 
the bulk ZnO which is ~ 3.37 eV. Similar type of 
observation, i.e., the observation of lower band gap 
than the bulk ZnO has been seen by Foo et al.9 for 
ZnO thin films. ZnO with band gap ~3.2-3.4 eV is 
ideal for optical device applications like light-emitting 
diodes (LEDs), laser diodes, and photodetectors in the 
ultraviolet (UV) wavelength range25. Therefore ZnO 
nanoparticles synthesized in present case could be 
useful for various optical devices. 
The absorption coefficient at lower photon energy 
usually follows the Urbach rule26:  
 
)exp()( 0
uE
hh νανα =   ... (11) 
 
where, ao is the constant and EU is the Urbach energy. 
One can estimate the value of EU from reciprocal of 
the slope of the linear portion of the αln  versus νh  
plot (Fig. 6). It has been reported that both static 
structural and dynamic phonon disorder27 can be 
quantified through Eu. It has also been reported that 
for high quality crystalline semiconductors, Eu is a 
direct measure of temperature-induced disorder and 
for amorphous or highly doped materials, Eu becomes 
larger because of the contributions from both thermal 
and structural disorders28. The lowest and highest 
Urbach energy are calculated for ZnO-P and ZnO-EG 
(Table 3). This indicated that ZnO-EG samples has 
more structural disorder than, ZnO-E than ZnO-P. 
Evaluation of refractive index ( n ) of the material 
is important as it is one of the important property for 
evaluation of potentiality of the materials for the use 
of them in integrated optical devices. Several models 
are there to calculate n  using EG of the material. 
Recently, Kumar and Singh29 have proposed a model 
based on the experimental data to calculate the value 
 
 
Fig. 4 – Room temperature UV-Visible absorption spectra of 
ZnO-E, ZnO-P and ZnO-EG nanoparticles 
 
 
 
Fig. 5 – Variation of 2)( ναh  vs. photon energy ( νh )for (a) ZnO-E, 
(b) ZnO-P and (c) ZnO-EG nanoparticles 
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of n  for mixed materials belonging to groups IV,  
II-VI, III-V semiconductors, insulators, oxides and 
halides. According this model, the relation between 
 
 and gE  is given by:  
 
C
gKEn =   ... (12) 
 
where , =K 3.3668 and =C -0.32234. The ‘ n ’ is 
related to the electron polarizability (α′) of ions and 
local field inside the material. One can use the 
classical theory to calculate 
classicalα ′  from for n  and α ′  
from Eg using the following relations 30, 31: 
 
24
2
2
10395.0)2(
)1(
−××
+
−
=′
ρ
α
M
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cm3  ... (13) 
and 
 
2410395.0
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α
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where M and ρ are molecular weight (g/mol) and 
density (g/cm3) of the substances, respectively. The 
values of gE , n , classicalα ′ and α ′ determined for ZnO 
nanoparticles synthesized with different solvent are 
presented in Table 3. The refractive index obtained in 
the present study matches well with the refractive 
index of ZnO nanoparticles32. 
 
4 Conclusions 
We report the synthesis of ZnO nanoparticles by 
chemical route using three different solvents (ethanol, 
propanol and ethylene glycol). The structural 
characterization indicated ZnO nanoparticles 
crystallize in wurtzite phase. ZnO nanoparticles 
synthesized with ethanol show smaller crystallite size 
than that obtained for ZnO nanoparticles synthesized 
by propanol and ethylene glycol. Stress analysis using 
lattice parameter indicated that the crystallites of all 
ZnO samples experience compressive stress and the 
magnitude of the stress is nearly twice for ZnO 
nanoparticles synthesized with ethanol than that 
obtained for ZnO nanoparticles synthesized  
using ethylene glycol as solvent. UV-visible 
characterization of the samples indicated that the band 
gap and hence the refractive index and electron 
polarizability of ZnO nanoparticles are not affected 
much with the solvent. Our study indicated that ZnO 
nanoparticles could be useful for various optical 
devices. 
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